PITCH teaches students how to report on technical work with an appropriate level of detail and how to effectively present data. As part of the program students prepare laboratory reports, technical memoranda, poster presentations, oral presentations, and senior design reports. PITCH has been integrated into four freshman and sophomore courses taken by all engineering students, as well as two higher level, program specific courses. Engineering faculty teaching these courses were trained through workshops conducted over three summers. A random sample of students across four majors was selected for the assessment. The sample was taken from the first cohort of students that had taken freshman through junior courses with trained instructors.
Four faculty members and an external consultant involved in the development and deployment of PITCH were chosen as evaluators. The student assignments chosen for review were evaluated by a common rubric to determine whether students achieved the PITCH learning outcomes. The evaluations were done with all five evaluators present. Student progress through the first three years of PITCH is quantified and the results demonstrate that student writing improved significantly. The pedagogical and administrative lessons learned by developing and implementing the program are also discussed.
PITCH is supported by a grant from the Davis Educational Foundation.
Background
A key skill desired by employers of new engineering graduates and valued by alumni is the ability to communicate technical content effectively. [1] [2] [3] [4] [5] Engineering educators have recognized this need for many years and a variety of efforts have been undertaken at different universities to address it. 6, 7 An approach adopted by many engineering schools is to require students to take a technical communications course. However, that approach has not been particularly effective since the course is typically not connected with engineering content and the material is not reinforced in later semesters. 8, 9 The development of technical communication skills in engineering students cannot be effectively accomplished in one or two semesters and needs consistent attention over a prolonged period. Facilitated by a grant from the Davis Educational Foundation, the Project to Integrate Technical Communication Habits (PITCH) was begun in the Tagliatela College of Engineering at the University of New Haven in fall 2012 to establish an integrated approach to developing written, oral and visual technical communication skills in engineering students. The project spans all seven ABET-accredited engineering and computer science programs in the college and includes engineering courses across all four years of the undergraduate curriculum. The course sequences within each program that integrate technical communication are depicted in the "roadmaps" available at www.newhaven.edu/ engineering/PITCH/roadmaps/. A sample roadmap for the electrical engineering program is shown in Figure 1 . In its approach to integrating technical communication instruction within engineering curricula PITCH is a fully developed project modeled after earlier, less extensive initiatives at Michigan State University and The University of Maine. 6, 8, [10] [11] [12] The program contains a number of features that refine and extend the integrated approach:
• PITCH faculty developed a comprehensive set of learning outcomes based on surveys of both the University of New Haven engineering faculty and engineering alumni and employers.
• Communication assignments are based on discipline-specific content and designed to have students achieve stated outcomes in a developmental progression throughout their programs.
• PITCH leverages technology to provide students and faculty with supporting resources.
Further details on the implementation of PITCH can be found at www.newhaven.edu/ engineering/PITCH/. 
PITCH Assignments
Examples of assignments that were evaluated are included in the appendix and other examples of PITCH assignments were included in earlier publications. 13, 14 These assignments address PITCH goals by requiring students to respond to workplace scenarios that incorporate decisions about purpose, audience, levels of detail and specific reporting goals within those scenarios. Such an assignment structure allows students to experience the kind of reporting demands they would face in a professional setting. The structure also allows PITCH faculty to continue refining assignments by changing variables and evolving grading rubrics that reinforce the desired characteristics of these reports. 
Assessment
A preliminary assessment of the program was performed in late 2015. Student work from four PITCH courses was evaluated to measure students' progress in their technical communication skills. The four courses that were evaluated are listed in Table 2 . One assignment per course was selected for the study and the specific assignments chosen from each course are shown in Table 3 . The 16 students selected for the study were randomly chosen from a group that had taken all four courses with trained instructors. Four faculty members and an external consultant involved in the development and deployment of PITCH performed the assessment.
The assignments were evaluated simultaneously (with reviewers in one room) using the rubric shown in Table 3 . Student progress was quantified and the results are discussed in the following section.
The 16 students were from four engineering majors and the number from each major was a close representation of enrollment distribution in the mechanical, electrical, civil and chemical engineering programs. In each collective assessment setting, student work was evaluated based on seven criteria (a subset of PITCH outcomes) using the five-point scale shown in the rubric in Table 3 . The maximum score a writing assignment could receive was 35 points. Each evaluator reviewed each writing assignment; therefore, each assignment received five ratings.
Statistical Analysis
Before further analysis of assignment ratings, the equal variance test was performed to see if any differences existed among the evaluators' assessment of student work in each course. The was not a factor impacting the total variance observed in student ratings. Table 4 shows the descriptive statistics of these writing assignments for each of the four courses. The standard deviations for each course were similar and suggest that the variation among student work observed in each course was similar. An equal variance test, similar to the one described above, at the significance level α = 0.05 was performed on the assignment ratings, this time with the four courses representing four different groups. The p-value = 0.41 obtained supported the observation that there were no significant differences in variation among student work in each course. Note: N is the number of ratings assigned by the evaluators for student papers in that course. One assignment was used for each course with each evaluator submitting ratings for each student. Assignments were missing for some students in each course; hence the N value differs across the courses.
Student progress was evaluated by comparing the average rating for each of the four courses. The mean value for the first freshman year course, EASC 1107, was used as a baseline. As shown in Table 4 , the mean values for the next two courses, EASC 1112 and EASC 2211, increased by approximately 11%, indicating that student proficiency in technical communication skills had modestly increased after completing their first semester. A significant improvement in quality (an increase of 37% in mean score) was observed in the third year.
Ratings of student assignments were also analyzed using a randomized block design ANOVA (analysis of variance). This statistical test is an extension of the paired t-test for three or more samples. In this study, students were treated as blocks to preserve the pairing of ratings for a particular student across the four courses. The ANOVA test results are shown in Table 5 . Before interpreting the results of the ANOVA test, the assumptions implicit for the ANOVA were verified. These assumptions are that the data is normally distributed and homoscedastic (i.e., has uniform variance over its range). To test normality, normal probability plots were created on all four groups and are shown in Figure 2 . A normal probability plot is a graphical technique for assessing whether or not data is approximately normally distributed. The data is plotted against a theoretical normal distribution in such a way that the points should form an approximate straight line. If the assessment data is normal, the data points should fall along the middle straight line in each plot in Figure 2 . The curved upper and lower lines in each plot show the 95% confidence margins. All four lines observed in Figure 2 are reasonably straight except in the tails. Furthermore, p-values, similar to the one described in the equal variance test above, can be used to derive a conclusion about normality. Although results for one of the courses (EASC 1112 with p-value = 0.012) suggest non-normal data, the p-value is not significantly low, and the ANOVA method is fairly robust against departures from the normal distribution, especially for larger samples. The results of ANOVA with a p-value = 0.000 at the 95% confidence level agree with our preliminary observations based on the mean student rating for the four courses. The change in ratings from course to course shown in Figure 3 suggests a conservative increase in the first three courses, and a significant leap in the last course in the sequence.
The ANOVA test shows only whether there was a difference in the means of two or more groups tested, but does not reveal which ones are different. The paired t-test was used to evaluate the hypothesis that the students' skill level was higher in each successive course compared to the previous one. With the EASC 1107 mean of 14.9 as the baseline, the test results presented in Table 6 indicate that the students achieved considerable growth in their technical writing ability as they finished their second course in the sequence (EASC 1112). There was no significant Figure 2 . Results of tests for confirming normal distributions of data difference observed between the second and the third courses. During the review of these results, one of the instructors of the third course indicated that one possible reason for not being able to observe improvement might be attributable to the timing of the writing assignment that was reviewed. The assignment due date coincided with another assignment for that class, and furthermore, was very close to finals week. Therefore, the work students provided for this particular assignment may not have been the best example of their work. Despite this, the average assignment scores were somewhat higher than in the previous semester's course, though not statistically significant.
The paired t-test indicated that there was a significant improvement observed in students' writing skill in their junior year. There may be several factors contributing to this result. Naturally, the level of student maturity increases as they move into their junior and senior years. In addition, they continuously practice their writing through many assignments in their courses. The assignments in the third year courses were also collaboratively authored, while those in the first year were individually authored. Nevertheless, we believe that the continuous emphasis on PITCH and its expected outcomes is a significant factor in improving student's technical writing skills, and that the other factors support these skills.
This preliminary assessment provides an indication that PITCH positively impacts students as intended. We note, however, that the study was done with a small sample and without data on Figure 3 . Change in rating of student writing from course to course 
Lessons Learned
Lessons learned during the course of developing and implementing PITCH and strategies for addressing these are as follows:
1 
Conclusions and Future Work
The work to date has verified the potential for PITCH to improve students' technical communication abilities. The key features include the establishment of consistent guidelines across all four years, the integration of writing assignments into engineering courses which use these guidelines, training instructors to be more sensitive to communication skills and giving writing assignments more weight in course grades. Further improvements will require providing formal technical writing instruction to students, further training of faculty to achieve more consistent grading, and having people strong in writing provide support to other faculty.
The assessment of PITCH will continue as more student data is collected. The first cohort of students who would have experienced PITCH in all four years will graduate in spring 2016. At that time, we will have an opportunity to do a comprehensive before and after PITCH assessment between students who have not experienced PITCH and the ones who went through the four years of PITCH training. Senior design reports of both groups will be compared in this planned assessment.
Furthermore, PITCH core faculty are currently developing three online modules to address the issues raised above. Students will take these in their freshman, junior and senior years in conjunction with EASC 1112, junior laboratory courses, and senior design courses. The intent of these modules is to engage students with writing exercises that will prepare them for the specific PITCH assignments in target courses (i.e., technical memos, laboratory reports and senior design proposals, reports and posters). Students will also benefit from feedback provided by the online technical writing instructors as well as peer review using the EliReview® software system. 15 The online modules are being developed now and implementation is expected to begin in fall 2016.
